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1. INTRODUCTION 
As in [2], K is tightly embedded in G if K has even order while K n Kg 
has odd order for g E G - N,(K). A quasisimple group A is standard in G 
if K = C,(A) is tightly embedded in G, No(K) = N,(A) and [A, Ag] # 1 
for g E: G. The main result of this paper is the following. 
THEOREM A. Let G be a finite group with O(G) = 1 and suppose G 
contains a standard component A isomorphic to a group of type Janko-Ree. 
Let X = (AG> and assume X # A. Then either 
(i) Xr O-S, the O’N an-Sims simple group and G s Aut(O-S); OY 
(ii) X E G2(32”+1), n > 1, and G is isomorphic to a subgroup of 
Aut(G2(32n+1)); OY 
(iii) X z A x A. 
COROLLARY. Let G be a finite group with Z*(G) = 1 azd suppose for some 
involution x of G, C,(z) = (z} X A, where A is of type Janko-Ree. Then G 
is isomorphic to one of the following groups: 
0) A 1 ZZ , 
(ii) Aut(O-S), 
oydey’p G2(3z”+1)<+, n > 1, where Q induces an outer automorphism of 
The Corollary contains the statement of our original result. However, 
recent work of Aschbacher [2] suggests that the hypotheses of Theorem A 
are more suitable in terms of general classification theory. In fact, define E(X) 
to be the unique maximal semisimple normal subgroup of X and let O,,,,(X) 
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be the preimage in X of E(X/O(X)). Let G be a finite simple group of 
component type and assume that O,,,E(C(t)) = O(C(t)) E(C(t)) for all 
involutions t of G. Then Aschbacher’s result asserts that a ‘“large” component 
A of 2-rank at least 2 is a standard component of G. 
A simple group A will be said to be of Ree type provided a Sylow 2 subgroup 
of A is elementary abelian of order 8 and for any involution t of 6, C,(t) = 
(t) x K, K z L,(3’n+1), n > 1. A simple group of type Janko-Ree is 
isomorphic to the Janko group J1 of order 175, 560 or has Ree types It is still 
an open question whether every group of Ree type is isomorphic to some 
zG2(32n+1), n >, 1. However, the combined work of Janko-Thompson [ll], 
Ward [17], and Walter [16] d oes assert that every simple group with abelian 
Sylow 2 subgroup is of type Janko-Ree or is isomorphic to some L,(q), 
q = 2*, n > 3, or q E 3, 5 mod 8. 
Before discussing the group Q-S, we describe a result due to Alperin 
which is a consequence of his work on simple groups with Sylow 2 subgroups 
of 2-rank 3. Let X have a normal selfcentralizing snbgroup L g 
Z,n x Z,n x Z,n and let X/L g L,(2). Then Alperin [ lf shows that the 
isomorphism type of X is determined by whether or not X splits over L. 
Moreover if S is a Syiow 2 subgroup of X and u, u, u: is a basis for L, then S 
is generated by L and elements s and t, where 
and s4 = 1 or s4 = uw according as X does or does not split over k. Such a 
Zgroup 8 will be said to be of Alperin type. 
In [13], @Nan considers a finite simple group G with Sylow 2 subgroup S 
of Alperin type of order 25n+3, n >, 2. He is able to show that n = 2 and 
distinguishes two cases: if S splits over L then G is isomorphic to the 
IIigman-Sims simple group and if S does not split over E then ! G 1 = 
2” I 34 . 5 . I3 ’ 11 . 19 . 31. In the second case, O’Nan is able to construct the 
character table of G and determine most of the large subgroup owever the 
existence and uniqueness of G has only been established by S [14] under 
the added assumption that G has an involutory outer a~tomorpbism in which 
case j Aut(G): G 1 = 2. It is this simple group which we shall refer to as the 
-Sims group denoted O-S. O’Nan is furth able to show that 
S) contains one class of involutions outside of S and for each such 
involution z, Co-s(z) G jr . Thus Aut(O-S) contains a standard component 
of type Janko-Ree. 
Finally, we remark that all simple groups G kvith a Sylow 2 subgroup S 
of Alperin type of order 26 have been characterized by Gorenstein and 
Harada ([S], [9]). In particular such a group G is isomorphic to 
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q = 3, 5 mod 8, A, or A, if S splits over L or G is isomorphic to G,(q), 
2D,(q), q = 3, 5 mod 8 or M,, if S does not split over L. 
The proof of Th eorem A depends heavily on the following result. 
THEOREM B. Let G be a Jinite group with simple normal subgroup X such 
that G < Aut X. Let A be a subgroup of X of type Janko-Ree and suppose 
K = Co(A) satisjies 
(4 I K I2 = 2, 
(b) for any involution x E K, Co(x) < N,(A). 
Then x $ X and all involutions of G - X are conjugate to x. Furthermore X 
contains a subgroup E g E9 such that 
(9 Aut,#) = L,(2), 
(ii) C,(E)/O(C,(E)) g .Z,, x Z,, x Z,, , 
(iii) N,(E) contains a Sylow 2 subgroup of X. 
In Section 4 we describe how Theorem A may be deduced from Theorem B. 
A proof of Theorem B is offered in Section 3 and preliminary results are 
discussed in Section 2. 
The author would like to thank R. Griess for some valuable suggestions, 
P. Landrock and R. Solomon for permission to quote their result on 
2-groups which simplifies an earlier version of this paper and M. Aschbacher 
for correspondence concerning his work on standard components. 
2. PRELIMINARY RESULTS 
In this section, we collect together certain results necessary for our proof 
of Theorem B. 
Following the notation of [15], we say that a 2-group P has type (2”) if P 
has a group of automorphisms (x} x (o) such that 
(i) x has order 2 and C,(z) z Ezn , 
(ii) (T has order 2” - 1 and acts regularly on P. 
The following result is due to P. Landrock and R. Solomon [12]. 
2.1. A non-abelian 2-group P of type (29 is isomorphic to a Sylow 
2 subgroup of U,(2”) OY L,(2”). 
2.2. Let P be a 2 group of type (2”). Then either x acts invertingly on P, 
in which case P is homocyclic of rank n, or else all involutions of P(x) with 
centralizer of order at most 2”J-l are co+gate to z. 
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Proofs If P is abelian, then the conditions on P force j Q,(P)\ = 2’” or ZP 
with [P : Q(P)] = 2” or 22”, respectively. On the other hand, if P is 
non-abehan, then by @.I), [P : Q(P)] = 79. At any rate, it follows that P has 
a (x) x (o} invariant normal subgroup R with [I? : RI = 2’“. Since P(Z)/ 
is elementary abelian, ccl,<,) (2) c zR. But j CCl,<,,(Z)~ = ( P(z)$!?f~ = 1 ZR / 
and so ccl,<,,(x) = xR. An immediate consequence is that z acts invertingly 
whereupon R is abelian of rank n. The regular action of 3 on insures 
homocyclic. 
e now that z does not act invertingly on I?. Since J&(R) is central in 
P(Z) an involution x of P(z) with centralizer of order at most Zn+r in fact has 
centralizer equal. to {x, &I#?)) and does not he in . Thus by arguing as 
before, we have xR = cclpcz;) (x) and x acts inverting on -R. Assume x is not 
conjugate to x so that xi? # xR. If x E ID, then e regular action of u on P/R 
ements of P - R to be involutions t then x commutes 
such that xR # yR contradicti cp’pcz>(x) = (x, iq 
x = xy for some y E P - R. Again, the regular action of o on P 
into 2” - 1 distinct cosets of I? so that all 2” cosets of R not 
contained in P consist of involutions. But then all elements of P(z) - P are 
invoktions contradicting our assumption that f: does not act invertingly on P. 
The next two results are elementary hut quite useful. 
2.3. Let G be a jkite group, S a 2-subgroup of G and suppose ,z is an 
involution of S such that ccl,(z) = ccl,(z) n S and C&x) E S&(@,(z)). Then 
s E Syl,(G). 
PYOOJ Our hypothesis insures that ccl,(x) is invariant under the action of 
M,(S). Thus if S < T E Syl,(G) then S < NT(S) which forces C,(Z) < CT(x) 
and this contradicts C,(z) E Syl,(C,(z)). 
2 Let S be a Sylow 2 subgroup of 6, L a maximal subgroup QJ” S with 
L < 6’ and suppose ccl,(z) n L = % JOY some ~~vo~~t~on x of 6. Then G has 
a subpup H of index 2 with Sylow 2 subgroup L. 
P~Qo$ This follows directly from the Thompson transfer lemma and our 
assumption that L < 6’. 
2.5. If A is of type J an o- k R ee, then [Aut(A) : k!] is odd. Moreover ;f 
E E Syl,(A) crud A < H < Aut(A), then Au&(E) = AutA(E) r FZl , a 
Frobenius group of order 21. 
Proof. Suppose r is an involutory outer automorphism of A and set 
G = A(T). We may assume that [T, E] < E so that N&E) = i$T,(E)(-r). 
ut AutA(E) g F,, is a maximal subgroup of Au@) and hence [T, El = 1 o 
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Therefore G has an abelian Sylow 2 subgroup and thus, according to [16], 
A is a direct factor of G which contradicts our assumption on 7. The second 
part follows directly. 
3. PROOF OF THEOREM B 
Let G satisfy the hypothesis of Theorem B and let x be a fixed involution 
of K. 
3.1. A Sylow 2 subgroup of X is not abelian. Consequently, if S is a 
2-subgroup of G contaikng z, L an abelian maximal subgroup of S with L < G 
and ccl,(x) n L = O, then S # Syl,(G). 
Proof. Suppose X has an abelian Sylow 2 subgroup. Since A < X, we 
conclude from [16] that X has type Janko-Ree and that X is a direct factor 
of X(x). But this contradicts our hypothesis that G < Aut X. To prove the 
second assertion, observe that if S E Syl,(G), then by (2.4), X must have an 
abelian Sylow 2 subgroup. 
A 2-subgroup S of G containing z will be said to be of type Yi provided 
the following holds: 
(i) S has a maximal subgroup L g Z,,+, x &,+I x Z,W , i 3 1, 
with ccl,(z) n S = S -L. 
(ii) If S, = (x, W(L)), th en N,(S,)/O(N,(S,)) is covered by FS = 
No(&) n No(S), where F has odd order and F/C,(S) is isomorphic to FsI . 
3.2. LetL, E Syl,(A) so that S, = (x, L,) E Syl,(C,(x)). Let N = No(&) 
and S E Syl,(N). Then S has type YI OY the conclusion of Theorem B is satis$ed 
with E =L,. 
Proof. First observe that by (2.5), C,(z) = FIS, , where FI has odd order 
and acts as F,, on L, . The orbits of FI on S,# are (z}, xL1*, and L,#. By (3. I), 
S, < S, hence S, < Ns(S,) and so there exists an element r E Ns(S,) - S, 
such that ? E S, . Since [ Csl(~)[ 3 4, it follows that [ Cs1(7) n L, j > 2 and 
this implies that involutions of L, are centralized by a 2-group of order at least 
2”. We conclude that .P E zL,#, whereupon N acting on S,# has orbits zL, , 
L,# and ccl,(x) n S, = XL, . 
Representing N on zL, , it is clear that the kernel of the action is O(N) S, 
and the image N/O(N) S, is a 2-transitive group of degree 8 and order 
23 ’ 3 ’ 7. We have two cases: 
Case 1. N/O(N) S, g F,, . E, . 
Let M = NG(S) n N. Since M covers N/O(N), it follows that M = FS, 
where F has odd order, F = F/C,(S) s F,, and P acts faithfully on S/S, and 
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E, . Since M/S, acts transitively on zL, , we may assume that [z, F] = 1. ket E 
map onto a 3-dimensional P complement to (XL,) in ,5/L, . If P = (5, a), 
where j 6 j = 7, 1 ;j: j = 3, then (+ acts regularly on L. Furthermore 
j C,(x)\ = 8. Hence (x) x (G) acts on L in such a way as to make L into a 
group of type (F). Observe that [L,F] = L so that k < G’. Now according 
to (2.1) and (2.2), L is abelian and either x acts by inversion on L or 
for S = (~5, z>, ccl,(x) CT S = c&(z). In the Latter case it follows from (2.3) 
that SE Syl,(G). This however contradicts (3.1) and we conclude that x 
acts by inversion on L and L z 2, x Z, x Z, . It remains to show that 
ccl,(x) r? S = S -L. Let 1 = Z,, Z1 ,..., , I be coset representatives of ..L, in L. 
Then (ccl,(z&): 0 < j < 7) is the set of all classes of S -L. Since G acts 
transitively on (ccl,(xlj): 1 < j < 7} and since according to (3.1), S $ Syl,(G), 
it follows that iVG(S) does not leave ccl,(z) invariant. Therefore all elements 
of S - L are conjugate in iVG(S) and we have shown that S has type S, . 
ca5e 2. N/O(N) s, G L,(2). 
We shall show that the conclusion of Theorem B holds with E = LI . Set 
(N) L, . Since [z, N] < L, , it follows that ?V s Zz X L,(2) or 
iv g ,!%,(7). In the latter case, f is a square in ?? which forces x to be a 
square in N and this is impossible. Therefore W = (2) X M 
where M g L,(2). Let L E Syl,(M) so that (z,L) = S E Syl,(M). Since 
a = M/O(M) is a nontrivial extension of Es by L,(2), it follows from [l] 
that L is determined up to isomorphism. In particular, if U, zi, UJ is a basis 
for .Lr ) then L is generated by L, and elements s and z where 
t2 = 1, Ut = w-1 > vt = v-1 2 wt zrz u-1 
St = s-1 I us = v > vs = w > 7.p = -f,v-l.w 
and s4 = 1 or s4 = uw according as L does or does not split over E, ~ We 
assert that xE is an involution only if I EL1 . In fact, since .FJ G Z, X L,(2) 
and since L,(2) has only one class of involutions, it suffices to show that XE~L 
is not an involution for II ELI . If such were the case, however, then 
[xl, I t] = 1 contradicting C,(z&) = S, . 
An immediate consequence is that an El6 subgroup V of S which is distinct 
from S, must lie in L. It is clear that such a V exists in L only when L splits 
over L, . Tn this case V = (ts, 9, wu, uv) = J(L). An easy argument shows 
that Na(i?) contains an element of order 3 acting regularly on P. Since 
NM(V) covers Na(F), some element of odd order of N,(Y) acts regulariy 
on V. But then Q cannot be conjugate in G to S, . We have shown that S, is 
weakly closed in a Sylow 2 subgroup of its normalizer, hence S E Syl,(G). 
We next assert that ccl,(z) n L = O. To see this, observe that every 
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involution of E - E, is conjugate in .I@ to an element of ~a.& . Therefore every 
involution of L - L1 is conjugate in G to an element of szL, . If L splits over 
L, , then an involution of s”;L, kas centralizer in L of order 2% whereas if L 
does not split over L1 , then an involution of szLL, has centralizer isomorphic to 
2, x D, . In either case our assertion is true. 
Since L < AI’, it follows from (2.4) that G has a subgroup H of index 2 
with Sy!uw 2 subgroup L. 8y (3.11, L, $ Syl,fX), hence the structure of M 
forces 6, E Syl,(X) and Aut,(L,) g L,(2). M oreover we have already shown 
that ccl,(x) n L = m, whereupon ccl,(x) n X = o and also that all 
involutions of S -L are conjugate to z, hence all involutions of G - X are 
cunjugate to z. Thus ail parts of the conclusion of Theorem B have been 
verified and the proof is complete. 
We shall now assume that 5’ is a subgroup of G of type yri , i > 1. Thus S 
has a maximal subgroup L g Z,,+, x Z++, x .?++l with ccl&) n S = 
S -L. Moreover if S, = (z, V(L)) then No(S) n NG(S1) = FS covers 
N,(S,)/Q(N,(S,)), where F has odd order and F/C,(S) g F,, . 
3.3. Let N = N,(S) and let A be the set of classes of S -L. Then 
ldl = 8 aad N acts 2-kansitively on d with kernel O(N)S and image N/O(N)S 
of order 23 . 3 . 7. 
Pyoo$ Let 1 = I,, , II ,... , ZY be coset representatives of L, = W(L) in L. 
It is clear that ccIs(zlj) = zl,L, , 0 <j < 7 and d = (ccl,(al,): 0 <j < 7). 
Since (ccl,(x)) == <zL,) = Sr , it follows that the stabilizer in N of c&(x) 
is N n No(&) = FS, and the kernel of the representation is O(N)S. 
MoreoverP acts as F,, on the remaining 7 points of /I so that the result follows 
once the transitivity of N on d is established. However this is equivalent to 
showing that S $ Syls(G) and this is a direct consequence of the fact that 
[F, L] = L together with (3.1). 
It is clear that N/O(N)S is isomorphic to F, . Es or I+(2). 
3.4. If N/O(N)S g L,(2), then the conclusion of Theorefl B is satisjied 
with E = Q,(L). 
Proof. Let fl = N/O(N)L. The following facts may be verified by 
arguing as in case 2 of (3.2). N = (x) x J?@ with @G L,(2). M/O(M) is a 
nontrivial extension of &+, x Z,,+, x &,+I by L,(2). Choose L” E Syl,(M) 
so that (z,L*} = S” E Syl,(N). Th en 21 is an involution only if 1 E 4- We 
shall in fact show that ccl,(z) n S* = XL. This may be accomplished by 
proving that ccl,(z) n L* = .D. Suppose generators for L* are given as in 
Section 1 with ~1, w, w a basis for L. Since elements of Q,(L) are squares in G, 
it suffices to show that ccl,(z) n CL* -L,) = O. However a e L&J.) has 
only one class of involutions so we need only prove that ccl,(z) n tL = 0. 
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Eut this is clear since tL is contained in CJuw-l) and UW-r has order P+r, 
i > 1. 
Row ccl,(z) n S* = ZE together with the transitive action of S* on d 
forces ccl,,(z) = ccl,(x) n S*. Thus by (2.3), A’* E Syl,(G), and since 
%* < M’, it follows from (2.4) that G has a subgroup H of index 2 with 
Sylow 2 subgroup L”. Set Q,(L) = E. Since M < .F& it follows that 
Aut,(E> gg L,(2), M oreover C,(E) has Sylow 2 subgroup E which must be 
in the center of its normalizer, for indeed an element of odd order acting 
nontrivially on L must act nontrivially on E. By Burnside’s transfer theorem, _- 
CH(E) = ~(~~(~))~. We shall show that N&7) cvJers N&E) = ___ __- 
N~(E)i~(N~(E))~ 27 o see this, o3serve that NH(E) D Nx(E) and any proper 
normal subgroup of NH(E) is P(E) for some j. IIowever [,z, E] = L and 
_-. 
ccl,(z) n E = jr forces E < A. Moreover N,(E) 1s not a 2-group. I- 
neither is N,(E) and the result follows. Finally, since L* E S&(X), we may 
conclude that z $ X and ali involutions of G - X are conjugate to x. 
P~oyDo$ Let S* E Syl,(N) and set M = No(P) n IV. Since M covers 
N/B(N), it follows that M= F*S* where F* has odd order, F*jC,*(S*)~ Fai 
and F* acts faithfully on S*/S and L. Since M/S acts transitively on XL, we 
may assume that [z, F*] = I. Let L* map onto a 3-dimensional F*/C,,(S*) 
complement to (XL) in S*/L. Continuing as in case 1 of (3.2), it follows that 
L* has type (29* Moreover [L*, F*] = L*. Thus according to (2.2) either x 
acts invertingly on L*, or for S* = (L*, z), ccl,(x) f7 S* = ccl,,(z) = zL. 
Assume the latter holds. It then follows from (2.3) that S* E Syl,(G) and 
from (2.4) that G has a subgroup H of index 2 with Sylom 2 subgroup Lx. 
According to (3.1), L* is not abelian, hence we conclude from (2.1) that L’Ic 
is isomorphic to a Sylow 2 subgroup of Ua(23) or k.&Z3). Now botb LT.&F) 
and L&13j have been characterized through their Sylow 2 subgroup by 
Collins ((61, [7]). Moreover, it is easily seen that neither contains a subgroup 
of type Jar&o-Ree. Thus, this case may be e!iminated by showing that 
L* E Syl,fX). We first observe that the nontrivial action of x on L*/@(L*> 
insures that L/@(L*) is the only proper (z} x F* invariant subspace of 
L*/tD(L*J. Thus if L* $ X, then L* .n X = L or O(L*j. This however 
contradicts (3.1) and we conclude that L* E Syl,(Xj. 
We are thus in the situation where x acts invertingly on L*, so that 
L* s Z,i+z x Zai+, x Z,6+z. It remains to verify that S* -E* = ccl,(z) n 5’“. 
But this may be shown by arguing once more as in case I of (3.2). 
According to (3.2), (3.49, and (3.5), either G satisfies the conclusion of 
Theorem or there exists an infinite chain of subgroups ?$ < A’2 < -I., 
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where each Si has type g . Of course the latter possibility contradicts the 
finiteness of G and the proof is complete. 
4. PROOF OF THEOREM A 
Recall that A is a standard component of G if K = Co(A) is tightly 
embedded in G, No(K) = N,(A) and [A, As] # 1 for g E G. 
DEFINITION. If T is a 2-group acting on A, then r,,,(A) = (NA(U): 
1 # U< T). 
The following result is due to Aschbacher and provides the connection 
between Theorems A and B. 
4.1. Let G be a group with O(G) = 1 and suppose G has a standard 
component A of type Janko-Ree. Let X = (AC) and assume X # A. Then 
either 
(i) X g A x A OY 
(ii) X is simple, G < Aut X and 1 K I2 = 2. 
Proof. According to Lemma 2.5, [3], either (i) holds or X is simple and 
G < Aut X. Assume the latter holds so that we need only prove that 
1 K 1s = 2. Now Bender’s Theorem [4] insures that G does not have a strongly 
embedded subgroup. Thus we may infer from Theorem 2 [2] that 
for some g E G - N,(A), T E Syl,(Kg n N,(A)) is nontrivial. Furthermore 
A 4 N,(Ag), or else [A, Afj = 1, and since N,(Ag) = N,(Kg) with Kg 
tightly embedded, we conclude that T acts faithfully on A. Since [Aut(A) : A] 
is odd by (2.5), it follows that [N,(A) : AK] is odd. Hence T < AK and T is 
isomorphic to a subgroup of A which forces T to be elementary abelian. 
Suppose / T 1 > 2. It follows easily from [2] that C,(a) is maximal in A 
for each involution a E A. This implies that A < I’,,,(A). On the other 
hand I’,,,(A) < N(Ag) and this contradicts A < N(Ag). Thus T = (t>. 
Set t = ya, Y E R E Syl,(K) and a EA. Since [A, R] = 1, it follows that 
CR(t) = C,(r) and since Theorem 2 [2] asserts that CR(t) G T, we conclude 
that j C’s(y)/ = 2. This forces 1 R j = 2 and completes the proof. 
The main thrust of (4.1) is that for a group G, satisfying the hypotheses of 
Theorem A, either X g A x A or X is simple and G satisfies the hypotheses 
of Theorem B. In the latter case, it follows from the discussion in Section 1 
that a Sylow 2 subgroup of X is of Alperin type and so X is a known group. 
The problem remains of identifying X. 
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4.2. Let X be isomorphic to one of the groups PSp,fq), G,(q), 2D,(q), 
q z=_ 3, 5 mod 8, and su$pose X contains a subgroup A of type Janko- 
(i) Hf A g Jr , then X z G,(q) or 2D,(q), q a power of 11. 
(ii) If A is of I&e type then q = 32n+1, n 3 I. 
Proof. It is shown in [lo] that JI has one class of elements of order 11 and 
has trivial multiplier. An immediate consequence is that Jr has no ordinary 
or projective representation of degree less than 10 over F,, , p # 14. Moreover 
J1 is contained in G,(ll) and the degree of the smallest representation over 
PI, is 7. This proves (i). 
Suppose now that X is isomorphic to one of PSp,(q), G,(q) or W4(q), 
q = 3, 5 mod 8. Let t be an involution centrai in some Sylow 2 subgroup 
of X. Then cx(5) has a normal subgroup of index 2k, I-z odd, isomorphic to 
&5,(q) Y S&(q) or S&(q) Y SL,(q3), the latter occurring in ‘D,(q) (CL, [8]Y[93)~ 
We may assume that t E A so that ~?43~~+r), nz> 1, is isomorphic to a 
subgroup of I&a) which forces 3 j q. Also q = 3 or 5 mod 8 and so we must 
have q = 32ntl, n > 1, proving (ii). 
eturning to the problem of identifying X, let S E Syi,(X) and suppo 
that / S 1 = 25 in which case X is isomorphic to one A, , A, ) 1 
PSp,(q), G,(q) or 2D,(q), q = 3, 5 mod 8. Clearly X cannot be isomo 
to A, , A, or iVIa . Moreover by (4.2) we may assume that 4 = 32n+1 or that 
X z G,(q) or 2D,(q) and q = 11”. However in each of these cases, the outer 
automorphism group is cyclic (c.f. [S]). Also, we know that G - X contains 
one class of involutions and for each such involution .z; E(G,(x)) is of tjipe 
Janko-Ree. It follows easily now that X must be isomorphic to G,(q), 
q = 32a+is 92 > 1. 
e other hand, if j S / = 23n+3, n > 2, then it follows from [13] that 
x 23. or / X / = 2s . 34 . 5 * 73 . 11 . 19 ’ 31. Since X has an i 
outer automorphism and since X is clearly not isomorphic to 
con&de that X s 0-S. 
1. J. L. ALPERIN, Sylow 2-subgroups of 2-rank three, in “Finite Groups 72, 
roceedings of the Gainesville Conference,” North-Holland, New York, 1973. 
2. M. AERBACHER, On finite groups of component type, to appear. 
3. WI. ASCHBACHER, Standard components of alternating type centralized by a 
group, to appear. 
4. H. BENDER, Transitive Gruppen gerader Ordnung, in denen jede Involution genau 
einen punkt festl&t, J. Algebra 17 (1971), 527-554. 
5. X. CARTER, Simple groups and simple Lie algebras, J. Eon&on Math. Sot. 40 
(1965), 193-240. 
426 LARRY FINKELSTEIN 
6. M. COLLINS, The characterization of finite groups whose Sylow 2 subgroups are 
of type La(q), q even, J. Algebra 25 (1973), 490-512. 
7. M. COLLINS, The characterizations of the unitary groups Ua(2”) by their Sylow 
2 subgroups, Bull. London Math. Sot. 4 (1972), 49-53. 
8. D. GORENSTEIN AND I(. HARADA, Finite groups with Sylow 2 subgroups of type 
P&(4, q), q odd, J. Fat. Sci. Unio. Tokyo, Sec. I20 (1973), 341-372. 
9. D. GORENSTEIN AND K. HARADA, Finite simple groups of low 2-rank and the families 
G,(q), DA2(q), q odd, Bull. Amer. Math. Sot. 77 (1971), 829-862. 
10. Z. JANKO, A new finite simple group with abelian Sylow 2-subgroup, J. Algebra 
3 (1966), 147-187. 
11. Z. JANKO AND J. G. THOMPSON, On a class of finite simple groups of Ree, 
J. Algebra 4 (1966), 274-292. 
12. P. LANDROCK, Ph.D. thesis, University of Chicago, Chicago, 1974. 
13. M. O’NAN, Some evidence for the existence of a new simple group, to appear. 
14. C. SIMS, unpublished. 
15. G. N. THWAITES, A characterization of il&r, by the centralizer of involution, 
Quart. J. Math. 24 (1973), 537-558. 
16. J. WALTER, The characterization of finite groups with abelian Sylow 2 subgroups, 
Ann. of Math. 89 (1969), 405-514. 
17. H. WARD, On Ree’s series of simple groups, Trans. Amer. Math. Sot. 121 (1966), 
62-89. 
